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(54) PHOTODIODE ARRAY, PRODUCTION METHOD THEREFOR, AND RADIATION DETECTOR 



(57) With photodiode array 1 , light-incident surface 
side recessed parts 7, formed by thinning from a light- 
incident surface side, are aligned in array form, and op- 
posite surface side recessed parts 11, formed by the 
thinning of regions : corresponding to regions at which 



light-incident surface side recessed parts 7 are formed, 
from an opposite surface side with respect to the light- 
incident surface, are aligned in array form. By pn junc- 
tions 3 being formed at bottom parts of opposite surface 
side recessed parts 11 , pn junction type photodiodes are 
aligned in array form. 
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Description 
Technical Field 

[0001] This invention concerns a photodiode array, a 
method of manufacturing the same : and a radiation de- 
tector. 

Background Art 

[0002] In order to mount a photodiode array for CT 
mounting in three-dimensional directions is required. To 
carry out mounting in three dimensions, signals must be 
output from the side opposite a light-incident surface, 
and thus generally, a back-illuminated photodiode array 
is used. 

[0003] With a back-illuminated photodiode array : if the 
distance between pn junction parts and the light-incident 
surface is large : carriers generated inside a substrate 
recombine in the process of moving to the pn junction 
parts and cannot be taken out in the form of signals. 
Thus in order to improve the detection sensitivity, the 
distance between pn junction parts and the light-incident 
surface must be made as small as possible. 
[0004] A back-illuminated photodiode array, with 
which this distance is made small has been proposed 
(Japanese Published Unexamined Patent Application 
No. Hei 7-333348). 

[0005] Fig. 1 5 is a sectional side view of this photodi- 
ode array. 

[0006] With this photodiode array 101 , p-type diffused 
layers 105 of prismatic shape are formed in an n-type 
layer 103 from one side of a substrate. 
[0007] However, since p-type diffused layers 105 are 
formed by impurity implantation, it is difficult to form im- 
purity layers uniformly to a thickness with which an ad- 
equate sensitivity can be obtained. 
[0008] The above-mentioned photodiode array thus 
has the disadvantage of being difficult to manufacture. 
[0009] Also, if the entire photodiode array is made 
thin, mechanical strength cannot be maintained and 
breakage occurs readily in subsequent processes. 
[0010] A method of making the photodiode array a 
thin film at parts may thus be considered. That is, a 
method, wherein just the regions at which the photodi- 
odes are formed are made thin to make the distance 
between the pn junction parts and the light-incident sur- 
face small while maintaining the mechanical strength, 
may be considered. 

[0011] Fig. 16 is a sectional side view of such a pho- 
todiode array. 

[0012] With this photodiode array, just the regions of 
an n-type layer 103, at which p-type diffused layers 105 
are formed, are made thin from the side of a light-inci- 
dent surface, and the regions that are not thinned are 
kept at the thickness of the original semiconductor sub- 
strate as frame parts to maintain the mechanical 
strength. With this photodiode array, recessed parts of 



the n-type substrate are formed from the side (back 
side) ; opposite the side at which pn junction parts are 
formed (front side) : at positions corresponding to the re- 
spective pn junctions. That is : one recessed part is 
5 formed in correspondence to one pn junction pixel. A 
protruding part is thus remained between a pn junction 
pixel and an adjacent pn junction pixel. 

Disclosure of the Invention 

10 

[0013] However when the above-described photodi- 
ode array is to be used as a radiation detector the pro- 
truding parts of the photodiode array are attached by 
suction to a collet and flip-chip bonded to a mounting 

15 substrate, or a scintillator is put in contact with the pro- 
truding parts of the photodiode array 
[0014] In this process, the contacted surfaces of the 
protruding parts undergo mechanical damage, causing 
increases of the leakage current and the dark current 

20 due to the generation of carriers. 

[0015] Since each protruding part is remained in the 
n-type layer, carriers are generated by light or radiation 
made incident on a protruding part itself and these can 
cause crosstalk by becoming incident on the pn junction 

25 pixels. 

[0016] Also with this photodiode array, since each re- 
cessed part is formed with inclined surfaces of approx- 
imately 55° from the back side, the area of a bottom part 
of an recessed part decreases as the depth of the re- 

30 cessed part increases. 

[0017] Thus if the widths of the frame parts are to be 
secured to obtain mechanical strength, an adequate 
photodetection part area cannot be obtained at the pn 
junction formation surface side and improvement of the 

35 rale of an opening cannot be achieved. 

[0018] This invention has been made to resolve the 
above issues, and an object thereof is to provide a pho- 
todiode array and radiation detector, with which the rate 
of an opening and the detection sensitivity can be tm- 

^o proved while securing mechanical strength. 

[0019] In order to resolve the above issues, this in- 
vention provides a photodiode array comprising: a sem- 
iconductor substrate, having a plurality of light-incident 
surface side recessed parts at a light-incident surface 

45 side and having a plurality of opposite surface side re- 
cessed parts, in correspondence to the respective 
above-mentioned light-incident surface side recessed 
parts, at the side opposite the above-mentioned light- 
incident surface; and pn junctions, disposed at bottom 

so parts of the above-mentioned opposite surface side re- 
cessed parts of the above-mentioned semiconductor 
substrate. 

[0020] With this invention's photodiode array, re- 
cessed parts are formed at both sides of the semicon- 
55 ductor substrate. 

[0021] Since the bottom part of each individual re- 
cessed part at one side opposes that of a recessed part 
at the opposite side, the distance between the light-in- 
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cident surface and each pn junction formed at the bot- 
tom part of an opposite surface side recessed part is 
made small. 

[0022] Also, since the parts besides the regions at 
which the pn junctions are formed can be kept at the 
original thickness of the substrate as frame parts, the 
mechanical strength of the semiconductor substrate can 
be maintained. 

[0023] The recessed parts can be formed by thinning 
the semiconductor substrate from both sides. 
[0024] In the thinning process, the area of the bottom 
part of a recessed part becomes smaller as the thinning 
progresses in the depth direction of the substrate. 
[0025] Thus if the distance between pn junctions and 
the light-incident surface is the same, the area of each 
recessed part bottom surface can be made largertothus 
increase the area of each photosensitive part and im- 
prove the rate of an opening when the recessed parts 
are formed at both sides than when recessed parts are 
formed from ne side only. 

[0026] In the case where the area of the bottom sur- 
face of each light-incident surface side recessed part is 
greater than the area of the bottom surface of each op- 
posite surface side recessed part, the energy ray atten- 
uation by the thick frame parts positioned in the periph- 
ery of the light-incident surface side recessed parts can 
be decreased to thereby improve the rate of an opening. 
[0027] The arrangement may be characterized in that 
the pn junctions extend from the bottom parts of the op- 
posite surface side recessed parts to opposite surface 
side frame parts that surround the opposite surface side 
recessed parts. 

[0028] In this case, the influence of unnecessary car- 
riers that are generated at slopes between the bottom 
parts and the frame parts can be restrained. 
[0029] Furthermore, since p-type impurity diffused 
layers extend toward the opposite surface side frame 
parts, aluminum electrodes for connecting bump elec- 
trodes, formed on the opposite surface side frame parts, 
to the p-type impurity diffused layers do not need to be 
set along the inner surfaces of the opposite surface side 
recessed parts and facilitation of process is achieved. 
[0030] High impurity concentration regions, in which 
an impurity is added at a high concentration, may be 
formed in the light-incident surface side frame parts that 
surround the light-incident surface side recessed parts. 
[0031] In this case, since carriers that are generated 
by the incidence of light onto the light-incident surface 
side frame parts are annihilated by recombination in the 
high impurity concentration regions, the carriers that 
move to the pn junctions at the bottom parts of the op- 
posite surface side recessed parts can be decreased to 
thereby reduce crosstalk among the respective photo- 
diodes. 

[0032] The light-incident surface side frame parts sur- 
rounding the light-incident surface side recessed parts 
may be formed in a lattice form as viewed from the di- 
rection of incidence of light. 



[0033] In this case, since the coordinates of the posi- 
tions of the respective light-incident surface side re- 
cessed parts are determined in matrix form, the posi- 
tions of incidence of light can be discriminated readily. 
s [0034] With the present photodiode array, electrode 
pads, for taking out the outputs of the photodiodes 
formed of the pn junctions, may be equipped on the op- 
posite surface side frame parts that surround the oppo- 
site surface side recessed parts. 
10 [0035] In this case, the electrode pads, on the frame 
parts that correspond to being protruded parts with re- 
spect to the recessed parts, can be put in contact with 
a mounting wiring substrate in a mounting process to 
facilitate the wiring of the mounting wiring substrate. 
15 [0036] The present photodiode array may be 
equipped with wiring electrodes, which pass along side 
surface parts of the opposite surface side recessed 
parts and electrically connect the photodiodes and the 
electrode pads. 

[0037] That is, the wiring electrodes can connect the 
photodiodes and the electrode pads and enable appli- 
cation of bias voltages from the electrode pads to the 
photodiodes and the taking out of signals while being 
set at positions at which the wiring electrodes will not 
block the light that is made incident from the back side. 
[0038] This invention's radiation detector comprises: 
the above-described photodiode array; and a scintilla- 
tor, positioned in the front surface of incidence of light 
onto the photodiode array. 

[0039] Since X-rays and other energy rays that are il- 
luminated onto the scintillator are converted into visible 
light, this visible light can be detected by the photodi- 
odes formed of pn junctions. 

[0040] Also, a photodiode array by this Invention com- 
prises: a semiconductor substrate, having a plurality of 
pn junction type photodiodes formed in array form on an 
opposite surface side with respect to a light-incident sur- 
face; and is characterized in that with the semiconductor 
substrate, the regions at which the plurality of photodi- 
odes are formed are thinned from the light-incident sur- 
face side so that regions sandwiched by the regions at 
which the plurality of photodiodes are formed are made 
protruding parts, each of a cross-sectional shape that 
protrudes towards the light-incident surface side, and a 
high concentration impurity region of the same conduc- 
tive type as the light-incident surface side of the photo- 
diodes is formed in each protruding part. 
[0041] With the above-described photodiode array, 
since carriers that are generated by light made incident 
on the protruding parts with protruding cross-sectional 
shapes become recombined and annihilated in the high 
impurity concentration regions, crosstalk among the 
photodiodes can be reduced. At the same time, by thin- 
ning just the regions at which the photodiodes are 
formed while leaving the thickness of the other regions 
as it is, the mechanical strength of the substrate as a 
whole can be maintained, and warping, distortion, etc., 
of the substrate itself can be prevented. 
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[0042] Also ; a photodiode array by this invention com- 
prises: a semiconductor substrate, with which at least 
an opposite surface side with respect to a light-incident 
surface is arranged to be of a first conductive type; and 
a plurality of photosensitive layers of a second conduc- 
tive type, which are aligned and formed in array form in 
Ihe interiors or Ihe first conductive lype regions al Ihe 
opposite surface side of the semiconductor substrate; 
and is characterized in that a plurality of recessed parts, 
aligned in array form t are formed at the light-incident 
surface side of the semiconductor region by the thinning 
of the regions corresponding to the photosensitive lay- 
ers from the light-incident surface side, and an impurity 
of the first conductive type is added at a high concen- 
tration in protruding parts that partition the plurality of 
recessed parts. 

[0043] Also : a photodiode array by this invention com- 
prises: a semiconductor substrate, having an impurity 
of a first conductive type added at a high concentration; 
a first conductive type semiconductor layer, disposed in 
contact with an opposite surface side with respect to a 
light-incident surface of the semiconductor substrate; 
and a plurality of photosensitive layers of a second con- 
ductive type, aligned and formed in array form in the in- 
terior of the first conductive type semiconductor layer; 
and is characterized in that the semiconductor substrate 
is formed to a lattice form by the thinning of regions cor- 
responding to the photosensitive layers. 
[0044] This invention's photodiode array may also be 
characterized in that an etching stop layer is interposed 
between the semiconductor substrate and the semicon- 
ductor layer. 

[0045] With the above-described photodiode array, 
since an etching stop layer is provided, etching can be 
stopped al this layer in a slep of forming recessed parts, 
thus facilitating control of this step. 
[0046] This invention's photodiode array may also be 
characterized in that an insulating layer is interposed be- 
tween the semiconductor substrate and the semicon- 
ductor layer. 

[0047] With the above-described photodiode, since 
an insulating layer is provided between the semiconduc- 
tor substrate and the semiconductor layer, carriers that 
are generated in the semiconductor substrate can be 
stopped at the insulating layer and be prevented from 
reaching the pn junction parts that form photodiodes in 
the interior of the semiconductor layer and crosstalk can 
thus be reduced further. 

[0048] This invention's photodiode array may also be 
characterized in that the crystal orientations of the sem- 
iconductor substrate and the semiconductor layer are 
crossed at the interface at which the semiconductor sub- 
strate and the semiconductor layer are in mutual con- 
tact. 

[0049] With the above-described photodiode, since 
the crystal orientations of the semiconductor substrate 
and the semiconductor layer are crossed at the interface 
at which the semiconductor substrate and the semicon- 



ductor layer are in mutual contact, etching can be 
stopped at the interface of the semiconductor substrate 
and the semiconductor layer in the step of forming re- 
cessed parts, thus facilitating control of this step. 

5 [0050] A photodiode array manufacturing method of 
this invention comprises: a first slep of preparing a sub- 
strate, wilh which at leasl a light-incident surface and an 
opposite surface side with respect to the light-incident 
surface are formed of a semiconductor of a first conduc- 

10 tive type and an impurity of the first conductive type is 
added at a high concentration to the light-incident sur- 
face side: a second stop of aligning and forming a plu- 
rality of photosensitive layers of a second conductive 
type in array form in the interior of the first conductive 

15 type region at the opposite surface side of the substrate: 
and a third step of thinning, by etching., regions of the 
substrate corresponding to the photosensitive layers 
from the light-incident surface side to form a plurality of 
recessed parts, aligned in array form, and form protrud- 

20 jng parts of lattice form, which partition the recessed 
parts and have the impurity of the first conductive type 
added at high concentration. 

[0051] This invention's photodiode array manufactur- 
ing method may also be characterized in that the first 
25 step comprises the steps of: preparing a semiconductor 
substrate of the first conductive type; and adding the im- 
purity of the first conductive type at high concentration 
to the light-incident surface side of the semiconductor 
substrate. 

30 [0052] With the above-described manufacturing 
method, unlike cases where the impurity region of the 
first conductive type is formed by another method (for 
example, by adhesion of substrates, etc.), the impurity 
concentration is made higher the closer to the light-in- 

35 cidentsurface side of the substrate and Ihe impurity con- 
centration at the protruding parts is made high. The car- 
rier recombination and annihilation effect is thus im- 
proved and the effect of reducing the dark current, leak- 
age current, and crosstalk is also improved. 

40 [0053] This invention's photodiode array manufactur- 
ing method may also be characterized in that the first 
step comprises the steps of: preparing a semiconductor 
substrate, to which the impurity of the first conductive 
type is added at high concentration; and carrying out 

45 crystal growth of a semiconductor layer of the first con- 
ductive type at the opposite surface side with respect to 
the light-incident side of the semiconductor substrate. 
[0054] With the above-described manufacturing 
method, since the semiconductor layer of the first con- 

50 ductive type is formed by crystal growth, a surface with 
flat recessed parts can be formed in an etching step. 
[0055] Also with the above-described manufacturing 
method, since the semiconductor substrate, to which 
the impurity of the first conductive type is added at a 

55 high concentration, can be made thick and be made uni- 
form in concentration in the depth direction, carriers, 
which are generated by light with the range between 
short wavelength and long wavelength that are made 
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incident on the protruding parts, can be made to under- 
go recombination and the effect of reducing crosstalk is 
thus provided. 

[0056] This invention's photodiode array manufactur- 
ing method may also be characterized in that the first 
step comprises the steps of: preparing a semiconductor 
substrate, to which the impurity of the first conductive 
type is added at high concentration; and adhering a thin 
semiconductor plate of the first conductive type to the 
opposite surface side with respect to the light-incident 
side of the semiconductor substrate; and the semicon- 
ductor substrate and thin semiconductor plate are ar- 
ranged to be crossed in crystal orientation at the adhe- 
sion interface. 

[0057] With the above-described manufacturing 
method, since the crystal orientations of the semicon- 
ductor substrate and the thin semiconductor plate are 
crossed at the adhesion interface, etching can be 
stopped at the interface of the semiconductor substrate 
and the thin semiconductor plate in the step of forming 
recessed parts, thus facilitating control of this step. 
[0058] Also with the above-described manufacturing 
method, since the semiconductor substrate, to which 
the impurity of the first conductive type is added at high 
concentration, can be made thick and be made uniform 
in concentration in the depth direction, carriers, which 
are generated by light with the range between short 
wavelength and long wavelength that are made incident 
on the protruding parts, can be made to undergo recom- 
bination and the effect of reducing crosstalk is thus pro- 
vided. 

[0059] This invention's photodiode array manufactur- 
ing method may also be characterized in that the first 
step comprises the steps of: preparing a semiconductor 
substrate, to which the impurity of the first conductive 
type is added at high concentration; and adhering a thin 
semiconductor plate of the first conductive type to the 
opposite surface side with respect to the light-incident 
side of the semiconductor substrate, with an etching 
stop film being interposed between the thin semicon- 
ductor plate and the semiconductor substrate. 
[0060] With the above-described manufacturing 
method, since an etching stop layer is provided between 
the substrate's semiconductor substrate, to which the 
impurity of the first conductive type is added at high con- 
centration, and the thin semiconductor plate of the first 
conductive type, etching can be stopped at this layer in 
a step of forming recessed parts, thus facilitating control 
of this step. 

[0061] This invention's photodiode array manufactur- 
ing method may also be characterized in comprising the 
steps of: preparing a semiconductor substrate, to which 
the impurity of the first conductive type is added at high 
concentration; and adhering a thin semiconductor plate 
of the first conductive type to the opposite surface side 
with respect to the light-incident side of the semiconduc- 
tor substrate s with an insulating layer being interposed 
between the thin semiconductor plate and the semicon- 



ductor substrate. 

[0062] With the above-described manufacturing 
method, an insulating layer is formed between the sem- 
iconductor substrate and the semiconductor layer. Pho- 

5 todiodes can thus be manufactured, wherewith cross- 
talk can be reduced further due to carriers, generated 
in the semiconductor substrate, being stopped at the in- 
sulating layer and being prevented from reaching the 
photodiodes's photosensitive surfaces in the interior of 

10 the semiconductor layer. 

[0063] This invention's radiation detector comprises: 
this inventions photodiode array; and a scintillator panel, 
which is mounted to the light-incident surface of the pho- 
todiode array and emits light upon incidence of radia- 

15 tion. 

[0064] Also, a radiation detector by this invention 
comprises: the photodiode array manufactured by this 
invention's manufacturing method; and a scintillator 
panel, which is mounted to the light-incident surface of 
20 the photodiode array and emits light upon incidence of 
radiation. 

[0065] The above-described radiation detector is 
equipped with this invention's photodiode array. Since 
the carriers, which are generated at the protruding parts 

25 of the photodiode array,, thus become recombined and 
annihilated, the dark current and crosstalk can be re- 
duced. Also, since the photosensitive regions are dis- 
posed in the recessed parts of the photodiode array, 
they are unlikely to sustain mechanical damage in the 

30 process of mounting and defects of the photosensitive 
regions are thus made unlikely to occur. 

Brief Description of the Drawings 

35 [0066] Fig. 1 is a schematic plan view of a photodiode 
array of a first embodiment. 

[0067] Fig. 2 is a sectional view of the photodiode ar- 
ray of the first embodiment. 

[0068] Fig. 3 is a diagram for describing steps of man- 
40 ufacturing the photodiode array of the first embodiment. 
[0069] Fig. 4 is a diagram for describing steps of man- 
ufacturing the photodiode array of the first embodiment. 
[0070] Fig. 5 is a diagram for describing steps of man- 
ufacturing the photodiode array of the first embodiment. 
45 [0071] Fig. 6 is a diagram for describing steps of man- 
ufacturing the photodiode array of the first embodiment. 
[0072] Fig. 7 is a diagram for describing steps of man- 
ufacturing the photodiode array of the first embodiment. 
[0073] Fig. 8 is a diagram for describing steps of man- 
50 ufacturing the photodiode array of the first embodiment. 
[0074] Fig. 9 is a diagram for describing steps of man- 
ufacturing the photodiode array of the first embodiment. 
[0075] Fig. 10 is a diagram for describing steps of 
manufacturing the photodiode array of the first embod- 
55 iment. 

[0076] Fig. 11 is a diagram for describing steps of 
manufacturing the photodiode array of the first embod- 
iment. 
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[0077] Fig. 12 is a diagram for describing steps of 
manufacturing the photodiode array of the first embod- 
iment. 

[0078] Fig. 13A is a schematic sectional view of the 
photodiode array of a comparative example. 
[0079] Fig. 1 3B is a schematic sectional view of a pho- 
Lodiode array of the first embodiment. 
[0080] Fig. 1 4 is a sectional view of a radiation detec- 
tor of a first embodiment. 

[0081 ] Fig. 1 5 is a sectional view of a photodiode array 
of a prior art. 

[0082] Fig. 1 6 is a schematic sectional view of a pho- 
todiode array of a comparative example. 
[0083] Fig. 1 7 is a top view of a photodiode array of a 
second embodiment. 

[0084] Fig. 1 8 is a sectional side view of the photodi- 
ode array of the second embodiment. 
[0085] Fig. 19 is a diagram for describing steps of 
manufacturing the photodiode array of the second em- 
bodiment. 

[0086] Fig. 20 is a diagram for describing steps of 
manufacturing the photodiode array of the second em- 
bodiment. 

[0087] Fig. 21 is a diagram for describing steps of 
manufacturing the photodiode array of the second em- 
bodiment. 

[0088] Fig. 22 is a diagram for describing steps of 
manufacturing the photodiode array of the second em- 
bodiment. 

[0089] Fig. 23 is a diagram for describing steps of 
manufacturing the photodiode array of the second em- 
bodiment. 

[0090] Fig. 24 is a sectional side view of a photodiode 
array of a third embodiment. 

[0091] Fig. 25 is a sectional side view of a photodiode 
array of a fourth embodiment. 

[0092] Fig. 26 is a sectional side view of a photodiode 
array of a fifth embodiment. 

[0093] Fig. 27 is a sectional side view of a semicon- 
ductor substrate of an embodiment. 
[0094] Fig. 28 is a sectional side view of a radiation 
detector of an embodiment. 

[0095] Fig. 29A is a top view showing the positional 
relationship of photosensitive pixel parts and bump elec- 
trodes. 

[0096] Fig. 29B is a sectional view taken along 
XIV-XIV of the photodiode array shown in Fig. 29A. 
[0097] Fig. 30A is a top view showing the positional 
relationship of photosensitive pixel parts and bump elec- 
trodes. 

[0098] Fig . 30B is a sectional view taken along X V-XV 
of the photodiode array shown in Fig. 30A. 
[0099] Fig. 31 A is a top view showing the positional 
relationship of photosensitive pixel parts and bump elec- 
trodes. 

[0100] Fig. 31 B is a sectional view taken along 
XVI-XVI of the photodiode array shown in Fig. 31 A. 
[0101] Fig. 32A is an enlarged view of a chip end por- 



tion of a photodiode array shown in Fig. 32B. 
[0102] Fig. 32B is a top view showing the positional 
relationship of photosensitive pixel parts and bump elec- 
trodes at the chip ends of a photodiode array of an em- 
5 bodiment. 

Best Modes for Carrying Out the Invention 

[0103] Radiation image pickup devices of embodi- 
es ments shall now be described with reference to the 
drawings. In the description, the same symbols shall bo 
used for elements that are the same or have the same 
functions and redundant description shall be omitted. 

15 (First Embodiment) 

[0104] Fig. 1 is a plan view of a photodiode array., with 
which a photodiode array of an embodiment is viewed 
from a front side. Fig. 2 is a sectional view taken along 

20 arrows ll-ll of the photodiode array shown in Fig. 1 . In 
the description that follows, a light-incident surface shall 
be referred to as the "back side" and the surface at the 
opposite side of the light-incident surface shall be re- 
ferred to as the "front side." 

25 [0105] As shown in Fig. 1, photodiode array 1 of the 
present embodiment has a plurality of pn junctions 3 
aligned in a regular, two-dimensional manner in longitu- 
dinal and lateral directions, and each pn junction func- 
tions as a photosensitive pixel of a photodiode. 

30 [0106] Photodiode array 1 is equipped with an n-type 
semiconductor substrate 5 formed of silicon (Si), n-type 
semiconductor substrate 5 has an n-type semiconduc- 
tor layer 5a and an n + -type high impurity concentration 
layer 5b, which is formed by diffusion of an n-type im- 

35 purity from the back side of the substrate. 

[0107] The back side of n-type semiconductor sub- 
strate 5 is thinned by the forming of recessed parts, 
which form photosensitive pixels that are desired and 
are of rectangular pyramidal shape and of predeter- 

40 mined pitch, size, and depth, and these thin parts (re- 
cessed parts) make up light-incident surface side re- 
cessed parts 7 and are aligned two-dimensionally. Re- 
gions sandwiched between adjacent light-incident sur- 
face side recessed parts 7 make up light-incident sur- 

45 face side frame parts 9, which surround light-incident 
surface side recessed parts 7. 

[0108] At the front side of n-type semiconductor sub- 
strate 5, positions corresponding to light-incident sur- 
face side recessed parts 7 are thinned to form opposite 

so surface side recessed parts 11, which are aligned two- 
dimensionally. Regions sandwiched between adjacent 
opposite surface side recessed parts 1 1 make up oppo- 
site surface side frame parts 13, which surround oppo- 
site surface side recessed parts 11. Thin parts, which 

55 are thinned portions sandwiched by light-incident sur- 
face side recessed parts 7 and opposite surface side 
recessed parts 11 in the thickness direction, are thus 
aligned in array form in n-type semiconductor substrate 
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5. 

[01 09] Portions besides the thin parts of n-type sem- 
iconductor substrate 5 are arranged as thick plate parts 
by light-incident surface side frame parts 9 and opposite 
surface side frame parts 13. Since the thin parts are 
aligned two-dimensionally in matrix form at a predeter- 
mined pitch and predetermined size, the thick plate 
parts that serve as frame parts are formed in lattice form 
as viewed from the incidence direction of light. In this 
case, since the coordinates of the positions of the re- 
spective light-incident surface side recessed parts are 
determined in matrix form, the light-incident positions 
can be discriminated readily. 

[0110] The inner side faces of each of opposite sur- 
face side recessed parts 11 and light-incident surface 
side recessed parts 7 respectively form an angle of sub- 
stantially 55° with respect to the substrate surface and 
form a truncated rectangular pyramid. Opposite surface 
side recessed parts 11 and light-incident surface side 
recessed parts 7 may be similar or dissimilar in shape 
and may be equal or different in depth, and in the 
present example, the depth of each light-incident sur- 
face side recessed part 7 is shallower than the depth of 
each opposite surface side recessed part 11 so that the 
area of the bottom surface of each light-incident surface 
side recessed part 7 is greater than the area of the bot- 
tom surface of each opposite surface side recessed part 
1 1 . In this case, the amount of attenuation of energy rays 
by the thick plate frame parts positioned in the periphery 
of the respective light-incident surface side recessed 
parts 7 can be decreased and the rate of an opening 
can be improved. 

[0111] The thickness of n-type semiconductor sub- 
strate is 100 to 350u,m, and the impurity concentration 
of semiconductor layer 5a is 1 x 1 0 12 to 1 0 15 /cm 3 . Each 
light-incident surface side recessed part 7 has a size of 
1mm x 1mm, an alignment pitch of 1.5mm in both the 
longitudinal and lateral directions, and a depth of ap- 
proximately SO^un. Each opposite surface side recessed 
part 11 is smaller in size than an light-incident surface 
side recessed part 7 and is the same in alignment pitch 
as light-incident surface side recessed part 7. 
[0112] At each opposite surface side recessed part 
1 1 , a p-type impurity diffused layer 1 5 extends continu- 
ously from opposite su rface side frame parts 1 3 that sur- 
round opposite surface side recessed part 1 1 to the bot- 
tom surface of opposite surface side recessed part 11 . 
A photosensitive pixel of a photodiode is arranged by a 
pn junction 3, formed across n-type semiconductor sub- 
strate 5 and p-type impurity diffused layer 15. Between 
adjacent p-type impurity diffused layers 15, an n + -type 
impurity region (separation layer) 1 7, which functions as 
a channel stopper that separates photodiodes from 
each other, is positioned. 

[0113] The impurity concentration of p-type impurity 
diffused layer 1 5 is 1 x 1 0 13 to 1 0 20 /cm 3 and the impurity 
concentration of n + -type impurity region (separation lay- 
er) 1 7 is 1 x 1 0 13 to 1 0 20 /cm 3 . 



[0114] p-type impurity diffused layers 15 are put in 
contact with and connected to aluminum electrodes 19 
(wiring electrodes), disposed on opposite surface side 
frame parts 13, and by the realization of electrical con- 
5 tact from the front side to the exterior via aluminum elec- 
trodes 19, under-bump metals (referred to hereinafter 
as "UBMs") 23, and bump electrodes 25 (electrode 
pads), the outputs of the. photodiodes are arranged to 
be taken out to the exterior. 

[01 15] In the present embodiment, each p-type impu- 
rity diffused layer 15 is formed to be continuous to op- 
posite surface side frame parts 1 3 and extend to the vi- 
cinity of a bump electrode 25, and each aluminum elec- 
trode 19 is formed on opposite surface side frame part 
13 and electrically connects a p-type impurity diffused 
layer 15 with a UBM 23. In the case where each p-type 
impurity diffused layer 15 is formed on just the bottom 
part of an opposite surface side recessed part 11, the 
aluminum electrode is formed on a side face part at the 
inner side of opposite surface side recessed part 11 to 
connect p-type impurity diffused layer 15 with a bump 
electrode 25, disposed on opposite surface side frame 
part 1 3. Each UBM 23 passes through a passivation lay- 
er 21 , formed of SiN or Si0 2 , etc., in the thickness di- 
rection to electrically connect an aluminum electrode 1 9 
with a bump electrode 25. 

[0116] Also, though not illustrated, substrate elec- 
trodes may be lead out in likewise manner by forming 
contact holes in a separation layer (n + ) and forming alu- 
minum electrodes, UBMs, and bump electrodes on op- 
posite surface side frame part 1 3. 
[0117] At the back side of n-type semiconductor sub- 
strate 5, an accumulation layer 27 is formed continuous- 
ly from light-incident surface side recessed parts 7 to 
light-incident surface side frame parts 9 so as to cover 
the entire back side. Accumulation layer 27 is made high 
in impurity concentration by diffusion of an n+-type im- 
purity and is connected to high n^-type impurity concen- 
tration layers 5b at regions corresponding to light-inci- 
dent surface side frame parts 9. Thus at each light-inci- 
dent surface side frame part 9, a region, occupied by 
high n + -type impurity concentration layer 5b, to which 
an impurity is added at a high concentration, is formed. 
[0118] Accumulation layer 27 serves the role of caus- 
ing recombination of unnecessary carriers that are gen- 
erated at the back side in order to realize high sensitivity 
and low dark current, and the role of guiding carriers in 
the direction of the pn junction by means of a built-in 
field resulting from a diffusion potential. The impurity 
concentration of accumulation layer 27 is 1 x 10 15 to 
1 0 20 /cm 3 , and the thickness of accumulation layer 27 is 
0.1 urn to a few ujn. A silicon oxide film 29 is furthermore 
provided on the back side of accumulation layer 27, and 
this functions as an anti reflection film (AR coat). 
[0119] As described above, with photodiode array 1 
of the present embodiment, the regions corresponding 
to pn junctions 3 are thinned from both the back side 
and the front side and made thin in the thickness of the 
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substrate. Meanwhile, the regions besides the thinned 
regions are left at the original thickness of the substrate 
and form thick plate frame parts that surround the re- 
cessed parts. High n + -type impurity concentration layers 
5b : which are regions of high impurity concentration, are 
formed al lighl-incidenl surface side frame parLs 9. The 
impurily concentration of high n'-Lype impurity concen- 
tration layers 5b is 1 • 1 0 15 to 1 0 2o /cm 3 . 
[0120] A method of manufacturing photodiode array 
1 of the present embodiment shall now be described 
with reference to Fig. 3 to Fig. 12. 

[0121] First, n-typc silicon substrate 5 with a (100) 
crystal plane and a thickness of approximately 150um 
to 500um is prepared. High n + -type impurity concentra- 
tion layer 5b is then formed by thermal diffusion on the 
back side of n-type silicon substrate 5, thereby prepar- 
ing a substrate with the two-layer structure of n-type 
substrate layer 5a and high n + -type impurity concentra- 
tion layer 5b (see Fig. 3). 

[0122] The front and back sides of the substrate are 
then subject to thermal oxidation to form silicon thermal 
oxide films 41 (see Fig. 4). Silicon thermal oxide films 
41 are used as masks for the doping of an n-type impu- 
rity at high concentration in subsequent steps. 
[0123] Separation layers 17 are then formed. By 
means of photolithography and an etching solution, sil- 
icon thermal oxide film 41 is opened at planned positions 
of separation layers 1 7. Then using silicon thermal oxide 
film 41 as a mask, phosphorus is doped into the sub- 
strate to form separation layers 17 and then the sub- 
strate is thermally oxidized to close the above-men- 
tioned openings (see Fig. 5). 

[0124] The silicon thermal oxide film at regions be- 
tween separation layers 17 are then opened by means 
of photolithography and an etching solution. Then using 
the thermal oxide film as a mask, boron is doped into 
the substrate to form p-type impurity diffused layers 15 
and then the above-mentioned openings are closed by 
thermal oxidation. A plurality of pn junctions 3, which are 
separated by separation layers 1 7, are thereby formed 
in matrix form, and these pn junctions 3 become portions 
corresponding to photosensitive pixels (see Fig. 6). The 
pn junctions that make up the photodiodes are formed 
across p-type impurity diffused layers 15 and n-type 
semiconductor layer 5a. 

[0125] The back side is then subject to chemome- 
chanical polishing in order to adjust the photosensitive 
regions of the substrate to a desired thickness. 
[01 26] Silicon nitride (SiN) films 43 are formed on the 
front side and back side of the substrate by plasma CVD 
(chemical vapor deposition) or by LP-CVD (low-pres- 
sure chemical vapor deposition), and silicon nitride films 
43 and silicon thermal oxide films 41 , at portions corre- 
sponding to opposite surface side recessed parts 1 1 and 
light-incident surface side recessed parts 7, are re- 
moved by etching. 

[0127] That is, first, an SiN film 43 is formed on the 
opposite surface, and using a photoresist, which has 



been patterned by photolithography, as a mask, the re- 
gions above pn junctions 3 are removed by etching to 
expose the surface of p-type impurity diffused layers 15 
(see Fig. 7). 

5 [0128] The opposite surface side of the substrate is 
then etched anisolropically by alkaline etching method 
(using a potassium hydroxide solution or TMAH, elc). 
Opposite surface side recessed parts 1 1 . corresponding 
to photosensitive pixels, are thus formed, and the por- 

10 tions that were not etched become opposite surface side 
frame, parts 13 that surround the respective opposite 
surface side recessed parts 11. This etching is per- 
formed to a depth of at least 2um or more, a p-type im- 
purity is then diffused or ion-implanted from the exposed 

*5 surfaces at the opposite surface side to form p-type im- 
purity layers 15 inside the recessed parts as well, and 
then thermal oxide films 21 ' that cover the inner surfaces 
of the recessed parts are formed. 
[0129] In likewise manner. SiN film 43 and silicon ther- 

20 mal oxide film 41 . at the back side of the substrate that 
serves as the light-incident side, are opened at positions 
opposing opposite surface side recessed parts 1.1 , and 
using the films as masks (see Fig. 8), anisotropic etching 
is applied to the substrate to form light-incident surface 

25 side recessed parts 7, at positions corresponding to the 
respective opposite surface side recessed parts 1 1 , and 
light-incident surface side frame parts 9, which surround 
the respective light-incident surface side recessed parts 
7. The etching is performed to a depth of at least 2um 

30 or more and so that the remaining substrate thickness 
will be at least such that pn junctions 3 at the front side 
will not be in competition with accumulation layer 27 of 
the back side, which is to be formed subsequently. 
[0130] After removing silicon nitride films 43 at both 

35 sides of the substrate, an n-type ion species (phospho- 
rus or arsenic) is doped into the recessed parts of the 
back side to form accumulation layers 27 with an impu- 
rity concentration of 10 15 to 10 20 /cm 3 . Thereafter, ther- 
mal oxide film 45 is formed. High n + -type impurity con- 

^0 centration layer 5b is thereby unified with accumulation 
layers 27. The thickness of accumulation layers 27 is 
set to a thickness that will not reach pn junctions 3 at 
the front side. 

[0131] AR coat 29, for providing the desired spectro- 
45 scopic characteristics, is then formed on the back side 
(see Fig. 9). The above-mentioned thermal oxide film 
45 may be used as it is as AR coat 29 or the buffer oxide 
film may be removed and the film thickness may be ad- 
justed by performing thermal oxidation again orperform- 
so jng additional thermal oxidation to provide AR coat 29. 
AR coat 29 may also be formed as a composite film or 
laminated film of the thermal oxide film with SiN and oth- 
er optical thin films, etc. 

[0132] Thereafter, contact holes for p-type impurity 
55 diffused layers 1 5 are formed in thermal oxide films 21 ' 
and aluminum electrodes 19 are formed so as to be at 
least embedded inside the contact holes (see Fig. 10). 
Passivation layer 21 is then deposited and patterned 
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with portions at which bump electrodes are to be formed 
on aluminum electrodes 19 being opened. Aluminum 
electrodes 19 are formed so as to electrically connect 
p-type impurity diffused layers 15 and the bump elec- 
trodes. 

[0133] Also, though not illustrated, bump electrodes 
for substrate electrodes may be provided across sepa- 
ration layers 17 in likewise manner. 
[0134] As passivation layer 21 , a layer of SiN, Si0 2 , 
PSG, PSAG, or SiON, formed by plasma CVD.orapofy- 
imide resin, acrylic resin, epoxy resin, urethane resin, 
or composite material containing such materials may be 
used. 

[0135] In the case where solder is to be used as the 
bump electrodes, since solder is poor in wetting property 
with respect to aluminum, UBMs 23, for intermediating 
between aluminum and solder bump electrodes 25, are 
formed inside the openings of passivation film 21 (see 
Fig. 1 1 ) and solder bump electrodes 25 are furthermore 
formed overlappingly on UBMs 23 (see Fig. 12). As 
UBMs 23, Ni-Au may be formed by electroless plating, 
or Ti-Pt-Au or Cr-Au may be formed by a lift-off method. 
[0136] Solder bumps may be formed by forming sol- 
der on predetermined UBM portions by solder ball 
mounting or printing and then carrying out reflowing. 
The bumps are not limited to solder and may be metal- 
containing conductive bumps, such as gold bumps, 
nickel bumps, copper bumps, conductive resin bumps, 
etc. 

[0137] With the above-described photodiode array 1 , 
since pn junctions 3 are formed at regions at which the 
semiconductor substrate has been thinned from both 
sides, the distance between pn junctions 3 and the light- 
incident surface can be made small while leaving the 
regions besides the regions at which pn junctions 3 are 
formed at the original thickness of the substrate to there- 
by enable the mechanical strength of the substrate as 
a whole to be maintained. Also, with the above-de- 
scribed photodiode array 1 , recessed parts are formed 
by thinning the substrate from both sides. 
[0138] Fig. 13A schematically shows the cross-sec- 
tional shape of a photodiode array, which has been 
thinned from only one side of a substrate, and Fig. 13B 
shows the cross-sectional shape of a photodiode array 
of the present embodiment, which has been thinned 
from both sides of a substrate. It can be understood that 
though both photodiode arrays are equal in substrate 
thickness (T1 , T2), photodiode region thickness (t1 , t2), 
and frame part width (u1 r u2), the photodiode array of 
the present embodiment is greater in the area of the bot- 
tom surface of the recessed part (SI, S2). Thus with 
photodiode array 1 of the present embodiment, even if 
the distance between pn junctions 3 and the light-inci- 
dent surface and the frame part width are the same as 
in the case where recessed parts are formed from just 
one side, since the area of the bottom surface of each 
recessed part becomes larger when etching is per- 
formed from both sides than when recessed parts are 



formed from one side only, a large photosensitive part 
area can be secured and the rate of an opening can be 
improved. 

[0139] With the above-described photodiode array 1 , 
5 in the process of forming opposite surface side recessed 
parts 1 1 , the edge parts between the inner side surfaces 
and opposite surface side frame parts 13 tend to be- 
come damaged or receive stress readily and thus tend 
to give rise to unnecessary carriers. However, since p- 
10 type impurity diffused layers 1 5 are formed continuously 
from opposite surface side frame parts 1 3 to the bottom 
surfaces of the corresponding opposite surface side re- 
cessed parts 11 via the inner side surfaces of opposite 
surface side recessed parts 11, the edge parts will be 
15 formed of p-type impurity diffused layers 1 5 and thus the 
effects of unnecessary carriers generated at the edge 
parts can be restrained and reduction of the dark current 
and crosstalk can be realized. 

[0140] With the above-described photodiode array 1 , 
20 the area of the bottom surface of each light-incident sur- 
face side recessed part 7 is made larger than the area 
of each opposite surface side recessed part 11. Carri- 
ers, which have been generated by light that has been 
made incident on light-incident surface side frame parts 
25 9, can thus be restrained from moving to the pn junctions 
at the bottom surfaces of the recessed parts and reduc- 
tion of the dark current and crosstalk can thus be real- 
ized. 

[0141] With the above-described photodiode array 1 , 

30 since high n + -type impurity concentration layers 5b, 
which are regions of high n-type impurity concentration, 
exist at light-incident surface side frame parts 9 and 
light-incident surface side recessed parts 7, carriers that 
are generated by the incidence of light onto light-inci- 

35 dent surface side frame parts 9 are recombined and an- 
nihilated at the high n + -type impurity concentration lay- 
ers 5b and are made less likely to move to p-type impu- 
rity diffused layers 15. The thickness of high nMype im- 
purity concentration layers 5b can be set longer than the 

40 carrier diffusion length. Crosstalk between photodiodes, 
which occurs as a result of incidence of light on light- 
incident surface side frame parts 9 that correspond to 
being channel intervals for currents flowing through the 
photodiodes, can thus be reduced. 

45 [0142] Also, since by using frame parts (protruding 
parts) 9, the unnecessary carriers (carriers for which the 
travel distance to a carrier output electrode is long) that 
are generated at frame parts 9 are trapped by high n + - 
type impurity concentration layers (dead region) 5b, the 

50 effects of preventing the skewing of the photodetection 
waveform and quickening the response speed are also 
provided. As such a dead region to be provided in frame 
parts 9, an insulating layer, etc., may also be employed. 
[0143] With the above-described photodiode array 1 , 

55 since bump electrodes 25 are formed on opposite sur- 
face side frame parts 13, the electrodes can be put in 
contact with a mounting wiring substrate at opposite sur- 
face side frame parts 1 3 in the process of mounting and 
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the wiring of the mounting wiring substrate can thus be 
prevented from becoming complicated. 
[0144] With the above-described photodiode array 1 , 
since aluminum electrodes 19 are formed at inner side 
surfaces of opposite surface side recessed parts 11 . 
even in cases where the pholodiodes are formed al jusl 
the bollom parts of opposite surface side recessed parts 
11 . contact of p-type impurity diffused layers 15 and op- 
posite surface side frame parts 13 can be achieved via 
aluminum electrodes 19 and bump electrodes 25 can 
be formed on opposite surface side frame parts 13. 
[0145] Though with the photodiode array of the 
present embodiment, high n + -type impurity concentra- 
tion layers 5b are formed by thermal diffusion at the back 
side of n-type silicon substrate 5 to prepare semicon- 
ductor substrate 5 with a two-layer structure having n- 
type semiconductor layer 5a and high n~-type impurity 
concentration layers 5b, an insulating film may be dis- 
posed between the above-mentioned two layers or a 
semiconductor layer of crossing crystal orientation may 
be disposed at the interface of the above-mentioned two 
layers and made to serve as an etching stop layer in the 
process of forming the thin parts to thereby facilitate 
control of the etching step. 

[01 46] An embodiment of this invention's radiation de- 
tector shall now be described. 

[01 47] Fig. 1 4 is a sectional side view of radiation de- 
tector 70 of this embodiment. This radiation detector 70 
is equipped with: a scintillator 71, which generates flu- 
orescence when X-rays or other radiation hv are or is 
made incident and emits this fluorescence from its light 
exit surface; the above-described photodiode array 1, 
onto which the light emitted from scintillator 71 is made 
incident and which converts this light into electrical sig- 
nals; and a mounting wiring substrate 73. 
[0148] Scintillator 71 is installed at the back side of 
photodiode array 1 and is put in contact with photodiode 
array 1 at light-incident surface side frame parts 9. 
Though gapsthus exist between scintillator 71 and light- 
incident surface side recessed parts 7, these gaps are 
filled with a coupling resin 75, having a refractive index 
adequate for transmission of the fluorescence from scin- 
tillator 71, and light emitted from scintillator 71 is thus 
arranged to be made incident onto photodiode array 1 
efficiently. 

[0149] Wirings 73' on mounting wiring substrate 73 
are disposed at the front side of photodiode array 1 and 
are electrically connected via bump electrodes 25 to the 
respective photodiodes making up photodiode array 1 . 
With the present embodiment, flip-chip mounting is em- 
ployed, and as bump electrodes 25, metal-containing 
conductive bumps, such as solder bumps, gold bumps, 
nickel bumps, copper bumps, conductive resin bumps, 
etc., are used. 

[0150] Also as the bonding method, forms of direct 
bonding, filling with an underfill resin upon performing 
direct bonding, anisotropic conductive film (ACF) meth- 
ods, anisotropic conductive paste methods (ACP), non- 



conductive paste (NCP) methods, etc., may be em- 
ployed. 

[0151] In the process of bonding photodiode array 1 
onto mounting wiring substrate 73.. light-incident surface 

5 side frame parts 9 are attached by suction to a suction 
collel : and light-incident surface side frame parts 9 may 
sustain mechanical damage in this process. Carriers 
that give rise to dark current and noise may thus be gen- 
erated from the defective parts. Also, in installing scin- 

10 tillator 71 onto the back side of photodiode array 1 , scin- 
tillator is put in contact with light-incident surface side 
frame parts 9, and light-incident surface side frame parts 
9 may sustain mechanical damage in this process. Un- 
necessary carriers may be generated in this case as 

15 well. 

[0152] However with the above-described radiation 
detector, since the photodiode array of the above-de- 
scribed invention is used and light-incident surface side 
frame parts 9 are provided with n + -type diffused layers 
20 5b of high impurity concentration, the generated carriers 
can be made to recombine and the dark current and 
noise can thus be reduced. 

[0153] Also with the above-described radiation detec- 
tor, since light-incident surface side frame parts 9 are 

25 positioned between the photosensitive pixels of photo- 
diode array 1 , the incident light can be separated ac- 
cording to pixel. Furthermore, since light-incident sur- 
face side frame parts 9 are provided with n + -type dif- 
fused layers 5b of high impurity concentration, carriers, 

30 which are generated by light made incident on light-in- 
cident surface side frame parts 9, undergo recombina- 
tion. Light that has become incident between photosen- 
sitive pixels, that is, on a frame part 9 is thus restrained 
from becoming taken out as a signal. Thus with the 

35 above-described radiation detector, crosstalk among 
the photosensitive pixels can be improved. 
[0154] If with a radiation detector, a photodiode array 
without recesses or protrusions on the back side is to 
be used, the suction collet will come in direct contact 

to with the photosensitive pixels in the process of bonding 
the photodiode array onto mounting wiring substrate 73. 
Since the scintillator will likewise contact the photosen- 
sitive pixels directly in the process of mounting the scin- 
tillator, the photosensitive pixels tend to become flawed 

45 and pixel defects are caused readily. However, with the 
above-described radiation detector, since the photosen- 
sitive pixel parts are positioned in opposite surface side 
recessed parts 11 and the photosensitive pixels are not 
contacted directly in the mounting steps, mechanical 

50 damage is unlikely to be incurred and photosensitive 
pixel defects can be prevented. 

[0155] As described above, with this invention's pho- 
todiode array and radiation detector, the detection sen- 
sitivity can be improved and the rate of an opening can 
55 be improved while securing mechanical strength. 

[0156] A photodiode array, with which recessed and 
protruding parts are formed on one side of substrate, 
shall now be described. 
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[01 57] Fig. 1 7 is a plan view of a photodiode array of 
a second embodiment and Fig. 18 is a sectional view 
taken along ll-ll of Fig. 17. 

[0158] In the following description, the surface of the 
substrate at which pn junctions 204 are formed shall be 
referred to as the "front side," and the light-incident sur- 
face (recessed part side) shall be referred to as the 
"back side." 

[01 59] As shown in Fig. 1 7, with photodiode array 201 
of the present embodiment, a plurality of pn junctions 
are aligned in a regular manner in the longitudinal and 
lateral directions, and each one of the pn junctions func- 
tions as a single photosensitive pixel of the photodiode 
array.. Photodiode array 201 has an n-type silicon sub- 
strate 203 with a thickness of 50 to 600^im and an im- 
purity concentration of 1 x 10 12 to 10i 5 /cm 3 , and a plu- 
rality of p-type impurity diffused layers 205 with a size 
of 500u.m x 500ujti and an impurity concentration of 1 
x 1 0 15 to 10 20 /cm 3 are positioned at a pitch of approx- 
imately 600ujti. The above-mentioned photosensitive 
pixels are formed by pn junctions formed across n-type 
silicon substrate 203 and the plurality of p-type impurity 
diffused layers 205. n + -type impurity regions (separation 
layers) 207, which separate the photodiodes, are posi- 
tioned between p-type impurity diffused layers 205. 
[01 60] At the back side of n-type silicon substrate 203, 
n + -type impurity regions 209, with a thickness of approx- 
imately 2ujti to 200^m and an impurity concentration of 
1 x 10 15 to 10 20 /cm 3 , are positioned at regions not cor- 
responding to p-type impurity diffused layers 205. Thus 
with this invention's photodiode array, the regions at 
which the p-type impurity layers are formed have re- 
cessed parts 211 formed therein by being thinned to a 
thickness, for example, of approximately 50|im to 
300u.m, and protruding parts (frame parts) 213 are 
formed at the thick back side of approximately 150 to 
500^im thickness at the other regions. The thick parts 
are formed at regions at which the pn junctions are not 
formed, that is, between the respective photodiodes, 
and are arranged from n + -type impurity diffused layers 
209 of 2p.m to 200u.m thickness and n-type silicon sub- 
strate 203 of approximately 50um to 300ujn thickness. 
One recessed part 21 1 is thus provided for one pn junc- 
tion (photosensitive pixel). 

[0161] At the back side of each thinned n-type sub- 
strate (photodiode-corresponding region), an n + impuri- 
ty diffused layer is formed over the entire surface at a 
thickness of 0.1 to a few urn Each n+ impurity diffused 
layer 215 has an accumulation function of sending sig- 
nal carriers, generated in the vicinity of the n-type silicon 
substrate surface by the incidence of light (especially of 
short wavelength) from the back side, to the interior of 
the substrate. Also, a passivation film 223, formed of SiN 
or Si0 2 or polyimide, etc., is formed on the front side of 
the substrate. 

[0162] At the front side of each p-type impurity dif- 
fused layer 205, an aluminum wiring electrode 221, 
which is slightly larger than p-type impurity diffused layer 



205, is installed and put in electrical contact with p-type 
impurity diffused layer 205. At each position of the front 
side that corresponds to protrusion 21 3, a solder bump 
electrode 219 is installed through passivation layer 223 

5 and via an under-bump metal (UBM) 217, which is 
formed of Ni-Au and contacts an aluminum wiring elec- 
trode 221, and in the process of mounting photodiode 
array 201 , electrical contact from the front side to p-type 
impurity diffused layers 205 is achieved via bump elec- 

10 trodes 219, UBM 21 7, and aluminum wiring electrodes 
221. 

[01 63] A method of manufacturing the photodiode ar- 
ray of the present embodiment shall now be described 
based on Fig. 1 9 to Fig. 23. First, n-type silicon substrate 

15 203 with a (1 00) crystal plane and a thickness of approx- 
imately 50u.m to 600jim is prepared. By then forming 
uniform n + -type diffused layer 209 with a depth 150 to 
250u,m by thermal diffusion at the back side of the sub- 
strate, a substrate, with the two-layer structure of the n- 

20 type layer and the n + -type layer, is prepared. The front 
side and back side of this substrate are then subject to 
thermal oxidation to form Si0 2 thermal oxide films 202 
(see Fig. 1 9). Si0 2 thermal oxide films 202 are used as 
n + thermal diffusion masks in subsequent steps. 

25 [0164] Then at positions at which the separation lay- 
ers between adjacent photodiodes are planned to be 
formed, Si0 2 thermal oxide film 202 is opened by a pho- 
toetching process and separation layers 207 are formed 
by doping phosphorus and then carrying out thermal ox- 

30 idation. 

[0165] p-type impurity layers 205 are then diffused to 
form pn junctions 204 at predetermined regions of the 
front side of n-type silicon substrate 203. At the positions 
at which the photosensitive pixels are to be formed, the 

35 Si0 2 thermal oxide film is first opened by a photoetching 
process, boron is doped, and thermal oxidation is car- 
ried out. A plurality of pn junctions 204 are thus formed 
at the other side of the n-type substrate, and these pn 
junction regions 204 become the portions correspond- 

40 |ng to the photosensitive pixels. The photodiode array, 
comprising photodiodes, is thus formed (see Fig. 20). 
[0166] The back side is polished as necessary in or- 
der to adjust the substrate thickness. A silicon nitride 
film (SiN) is formed on the back side by plasma CVD or 

45 LP-CVD, and the SiN at portions corresponding to the 
photosensitive pixels is removed by etching. The back 
side is then etched anisotropically by alkaline etching 
method (using a potassium hydroxide solution orTMAH, 
etc.) (see Fig. 21). In this process, portions besides the 

50 portions corresponding to the respective photosensitive 
elements are not thinned but are left with n + diffused lay- 
ers 209 and arranged as thick parts. Recessed parts 21 1 
are thus formed at portions corresponding to the photo- 
sensitive pixels and protruding parts 21 3 are formed be- 

55 tween adjacent photosensitive pixels. The etching is 
performed to a depth of at least 2um or more and is per- 
formed to the vicinities of the interfaces of n + -layers 209 
and n-layer 203 of the substrate. That is, n+-layer 209 
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may be left slightly or n-layer 203 may be exposed by 
the etching. 

[01 67] After removing the etching mask (SiN), thermal 
oxidation (buffer oxidation) is carried out and an n-type 
ion species (for example, phosphorus or arsenic) is 
doped into the back side lo form accumulation layers 
215 wilh an impurity concentration of 10 15 to 10 20 /cm 3 
(see Fig. 22). Thermal oxidation is then carried out. Ac- 
cumulation layers 215 are formed so that its thickness 
does not reach p + layers 205 at the front side of the sub- 
strate. Though an AR coat is then provided on the back 
side to obtain the desired spectroscopic characteristics, 
the above-mentioned oxide film may be adjusted in film 
thickness and thereby formed into the AR coat. Or ; an 
AR coat may be formed by a composite film of the ther- 
mal oxide film and SiN or other optical thin film. 
[0168] Thereafter, contact holes 222 for the p + layers 
and the n + layers are formed at the front side and alu- 
minum wiring electrodes 221 are formed (see Fig. 22). 
Passivation film 223 is then deposited over the entire 
surface so as to cover aluminum wiring electrodes 221 . 
The width of each aluminum wiring electrode 221 is pref- 
erably made slightly greater than the width of the p + lay- 
er and the n + region. The withstand voltage character- 
istics in cases of bias application are thereby improved 
and the forming of an inversion layer due to surface 
damage can be prevented. Passivation film 223 is then 
patterned in a state wherein the portions at which bump 
electrodes are to be formed on the aluminum wiring 
electrodes are opened (see Fig. 22). As passivation lay- 
er 223, a layer of SiN, Si0 2 , BPSG, PSG, or SiON, 
formed by plasma CVD, or a polyimide, acrylic, epoxy, 
urethane, or composite material containing such mate- 
rials may be used. 

[0169] In the case where solder is to be used as the 
bump electrodes, since solder is poor in wetting property 
with respect to aluminum, intermediary metal layers 21 7 
(under-bump metal, UBM), for intermediating between 
aluminum and solder bump electrodes 219, are formed 
and solder bump electrodes 21 9 are furthermore formed 
overlappingly (see Fig. 23). As the UBMs, Ni-Au may be 
formed by electroless plating, orTi-Pt-Au or Cr-Au may 
be formed by a lift-off method. Solder bumps may be 
formed by forming solder on predetermined UBM por- 
tions by solder ball mounting or printing and then carry- 
ing out reflowing. The bumps are not limited to solder 
and may be metal-containing conductive bumps, such 
as gold bumps, nickel bumps, copper bumps, conduc- 
tive resin bumps, etc. 

[0170] Here, since n+-type diffused layers 209, which 
make up protruding parts 213 between the photodiodes, 
are higher in n-type impurity concentration than the n- 
type substrate, even though carriers are generated by 
the incidence of light onto n + -type diffused layers 209 of 
protruding parts 21 3, the generated carriers recombine 
and are thereby annihilated in n + -type diffused layers 
209 of protruding parts 213 and thus do not move into 
n-type substrate 203 in the above-described photodiode 



array. Crosstalk among photodiodes, which occurs as a 
result of light becoming incident on intervals between 
photodiode channels ; can thus be reduced. At the same 
time, by making the intervals between the photosensi- 

5 tive pixels thick, the mechanical strength of the sub- 
strate as a whole can be maintained and the occurrence 
of warping, distortion, etc., of the substrate itself can be 
restrained. The increase of dark current, resulting from 
mechanical damage sustained in the process of attach- 

10 ing protruding parts 213 of the photodiode array by suc- 
tion to a collet and performing flip-chip bonding onto a 
mounting substrate or in the process of mounting a scin- 
tillator onto protruding parts 213 of the photodiode array, 
can be restrained. 

15 [0171] Also, thermal diffusion is used in forming the 
n + layer of the substrate. Thus unlike cases where the 
n+ layer is formed by another method (for example, by 
adhesion of substrates, etc.), the impurity concentration 
is made higher the closer to the back side of the sub- 

20 strate and the impurity concentration is made high at 
protruding parts 213. The carrier recombination and an- 
nihilation effect is thus improved and the effect of reduc- 
ing the dark current, leak current, and crosstalk is also 
improved. 

25 

(Third Embodiment) 

[0172] A photodiode array of a third embodiment of 
this invention shall now be described. 

30 [0173] Fig. 24 is a sectional side view of the photodi- 
ode array of this embodiment. In regard to the differenc- 
es in arrangement with respect to the photodiode array 
of the second embodiment, whereas with the photodi- 
ode array of the second embodiment, n + -type accumu- 

35 lation layers 21 5 are formed inside n-type substrate 203, 
with the photodiode array of the present embodiment, a 
few p.m of n + -type impurity diffused layer 209 is left and 
made to function as an accumulation layer (see Fig. 24). 
The function of the accumulation layer does not differ 

40 from the function described with the second embodi- 
ment. 

[0174] The above-mentioned difference results from 
a difference in the method of manufacturing the photo- 
diode array. In the process of performing etching to form 

45 recessed parts at portions corresponding to the photo- 
sensitive pixels, whereas etching is performed until n- 
layer 203 is reached in the first embodiment, with the 
present embodiment, the etching is stopped at approx- 
imately 0.1 to a few jim prior to reaching the interface 

50 between the n + -layer and the n-layer. 

[0175] Since with the above- described photodiode ar- 
ray, the n + -type impurity diffused layer of a few u,m thick- 
ness that is left without being etched functions as the 
accumulation layer as well, the accumulation layer does 

55 not have to be formed by performing ion implantation 
anew as in the first embodiment and such a step can be 
omitted. Besides the above, the arrangement and man- 
ufacturing method are exactly the same as those of the 
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photodiode array of the first embodiment. 
[01 76] Though with the above-described photodiodes 
of the second and third embodiments, n 4 diffused layer 
209 is formed on the back side of n-type silicon substrate 
203 to form an n-n 4 substrate, the following modifica- s 
tions can be considered in regard to the step of prepar- 
ing the n-n 4 substrate. 

[01 77] An n-n 4 substrate can be formed by preparing 
an n 4 -type substrate and epitaxially growing an n-layer 
at a (1 00) or (1 1 0) crystal plane on the front side of the 10 
substrate. Oppositely, an n-n 4 substrate can be formed 
by preparing an n-type substrate and epitaxially growing 
an n 4 -layer at a (100) or (110) crystal plane on the front 
side of the substrate. These methods provide the ad- 
vantage that the impurity concentration profile becomes 15 
step-like and flat etching is enabled in the process of 
performing etching to form the recessed parts. 
[0178] Also, since the n 4 -substrate or n 4 -epitaxial 
growth layer, with which an impurity is added at high 
concentration, can be made uniform in concentration in 20 
the depth direction, the advantage of enabling carriers, 
generated by light with the range between short wave- 
length and long wavelength made incident on the pro- 
truding parts, to become recombined and thereby re- 
ducing crosstalk is provided. 25 
[0179] Also, in the case where the impurity of the first 
conductive type is a p-type impurity and a semiconduc- 
tor layer, with which the concentration of this impurity is 
1 x 10 17 /cm 3 or less, is formed by crystal growth, flat 
recessed parts can be formed by performing alkaline 30 
etching until the above-mentioned semiconductor inter- 
face is exposed and thereafter performing etching using 
a mixed solution of hydrofluoric acid, nitric acid, and ace- 
tic acid since the etching stops at the interface. 
[0180] An n-n + substrate can also be formed by pre- 35 
paring an n-type substrate with a (100) or (110) crystal 
plane and adhering an nMype substrate to the back side 
upon matching the crystal plane with the above-men- 
tioned n-type substrate. This method provides the ad- 
vantage that the impurity concentration profile in the n- *o 
layer and the n 4 -layer becomes step-like and flat etching 
is enabled in the process of performing etching to form 
the recessed parts. 

[01 81 ] Also, since the n 4 -substrate, with which an im- 
purity is added at high concentration, can be made uni- 45 
form in concentration in the depth direction, the advan- 
tage of enabling carriers, generated by light with the 
range between short wavelength and long wavelength 
made incident on the protruding parts, to become re- 
combined and thereby reducing crosstalk is provided. so 
[01 82] Also, in the case where the impurity of the first 
conductive type is a p-type impurity and a semiconduc- 
tor substrate, with which the concentration of this impu- 
rity is 1 x 10 17 /cm 3 or less, is adhered to form the n-n + 
substrate, flat recessed parts can be formed by perform- ss 
ing alkaline etching until the above-mentioned semicon- 
ductor interface is exposed and thereafter performing 
etching using a mixed solution of hydrofluoric acid, nitric 



acid, and acetic acid since the etching stops at the in- 
terface. 

[0183] An n-n 4 substrate can also be formed by pre- 
paring an n-type substrate with a (1 1 1) crystal plane and 
adhering an n 4 -type substrate with a (100) or (110) crys- 
tal plane to the back side. By doing so, since in perform- 
ing alkaline etching from the n 4 -layer side, the etching 
rate of the (111) plane will be extremely slow in compar- 
ison to the (100) or (110) plane, the etching can be 
stopped substantially at the point at which the n-layer is 
reached, thus providing the advantage that control of 
etching is facilitated. 

(Fourth Embodiment) 

[0184] A photodiode array of a fourth embodiment of 
this invention shall now be described. 
[0185] Fig. 25 is a sectional view of the photodiode 
array of this embodiment. The difference in arrange- 
ment with respect to the photodiode array of the third 
embodiment is that whereas in the photodiode array of 
the third embodiment, the n 4 -layer and the n-layer con- 
tacted each other directly, in the present embodiment, 
an Si0 2 layer 225 of 0. 1 to 3pm thickness is sandwiched 
between the n 4 -layer and the n-layer. 
[0186] The above difference arises from a difference 
in the method of manufacturing the photodiode array. 
Whereas in the third embodiment, an n-type silicon sub- 
strate was prepared and then an n 4 -diff used layer was 
formed by thermal diffusion on the back side of the sub- 
strate to prepare an n-n 4 diffusion substrate, with the 
present embodiment, an SOI (Silicon On Insulator) sub- 
strate is used as the substrate. That is, first, an n-type 
silicon substrate is prepared and the back side is ther- 
mally oxidized to form an Si0 2 oxide film. By then ad- 
hering an n 4 -layer with a (1 00) or (1 1 0) crystal plane on- 
to the back side, an SOI substrate with a three-layer 
structure, such as shown in Fig. 27 is prepared and used 
as the substrate. 

[0187] With the above-described photodiode array, 
since in the alkaline etching step, the etching will stop 
at Si0 2 layer 225, control of etching is facilitated. Also, 
even if carriers are generated in the n 4 -layer, Si0 2 layer 
225 will not let the carriers pass through since it is an 
insulating layer. The generated carriers will not therefore 
reach the respective photosensitive pixels and crosstalk 
can thus be reduced further. Besides the above, the ar- 
rangement and manufacturing method are exactly the 
same as those of the photodiode array of the third em- 
bodiment. 

(Fifth Embodiment) 

[0188] A photodiode array of a fifth embodiment of this 
invention shall now be described. 
[0189] Fig. 26 is a sectional view of the photodiode 
array of this embodiment. The difference in arrange- 
ment with respect to the photodiode array of the fourth 
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embodiment is that whereas with the photodiode array 
of the fourth embodiment, each recessed part 211 at a 
portion corresponding to a photodiode. has its recessed 
part side surfaces inclined with respect to the thickness 
direction of the substrate so that it becomes wider to- 
wards ihe back side and narrower towards the fronl side ; 
Ihe recessed pari side surfaces of the photodiode array 
of the present embodiment are substantially parallel to 
the thickness direction of the substrate. 
[0190] The above difference is due to a difference in 
the method of manufacturing the photodiode array. 
Whereas with the fourth embodiment, alkaline etching 
is used to form recessed parts 211 , in the present em- 
bodiment, deep dry etching. using 5 for example, a high- 
density plasma, is employed. 

[0191] With the above-described photodiode array, 
since deep dry etching is employed as the method for 
forming the recessed parts, the need to restrict the crys- 
tal plane of the n+-layer of the SOI substrate to be pre- 
pared to a (1 00) or (1 1 0) plane is eliminated. Also, since 
the etching stops at SiO a layer 225, control of etching is 
facilitated. Besides the above, the arrangement and 
manufacturing method are exactly the same as those of 
the photodiode array of the fourth embodiment. 
[01 92] An embodiment of this invention's radiation de- 
tector shall now be described. 

[0193] Fig. 28 is a sectional side view of the radiation 
detector of this embodiment. This radiation detector 230 
is equipped with: a scintillator panel 231 , onto which ra- 
diation is made incident and which emits, from a light 
exit surface, light resulting from the radiation; photodi- 
ode array 201 , with which the light emitted from scintil- 
lator panel 231 is made incident on the light-incident sur- 
face and which converts this light into electrical signals; 
and a mounting wiring substrate 233. 
[0194] The above-described radiation detector is 
characterized in being equipped with the photodiode ar- 
ray of this invention, and the present embodiment is 
equipped with the above-described photodiode array of 
the second embodiment of this invention. Thus scintil- 
lator panel 231 is installed at the back side of photodiode 
array 201 and is put in contact with photodiode array 
201 at protruding parts 213. Though gaps thus exist be- 
tween scintillator panel 231 and recessed parts 211, 
these gaps are filled with a coupling resin 235, having 
a refractive index adequate for transmission of the fluo- 
rescence from scintillator panel 231 , and light emitted 
from scintillator panel 231 is thus arranged to be made 
incident onto photodiode array 201 efficiently. 
[0195] Mounting wiring substrate 233 is disposed at 
the front side of photodiode array 201 and is electrically 
connected via bump electrodes 21 9 to photodiode array 
201. With the present embodiment, flip-chip mounting 
is employed, and as bump electrodes 219, metal-con- 
taining conductive bumps, such as solder bumps, gold 
bumps, nickel bumps, copper bumps, conductive resin 
bumps, etc., are used. Also as the bonding method, 
forms of direct bonding, filling with an underfill resin up- 



on performing direct bonding, anisotropic conductive 
film (ACF) methods, anisotropic conductive paste meth- 
ods (ACP), non-conductive paste (NCP) methods, etc., 
may be employed. 

5 [0196] The actions of the above-described radiation 
detector shall now be described. In the process of bond- 
ing photodiode array 201 onto mounting wiring sub- 
strate 233. protruding parts 213 are attached by suction 
to a suction collet, and the protruding parts may sustain 

10 mechanical damage in this process. Carriers that give 
rise to dark current and noise may thus be generated 
from the defective parts. Also, in installing scintillator 
panel 231 onto the back side of photodiode array 201 , 
scintillator panel 231 is put in contact with protruding 

15 parts 213, and protruding parts 213 may sustain me- 
chanical damage in this process. Unnecessary carriers 
may be generated in this case as well. However, with 
the above-described radiation detector, since the pho- 
todiode array of the above-described invention is used 

20 and protruding parts 213 are arranged with n+-type dif- 
fused layers of high impurity concentration, the gener- 
ated carriers can be made to recombine and the dark 
current and noise can thus be reduced. 
[01 97] Also with the above-described radiation detec- 
ts tor, since protruding parts 213 are positioned between 
the photosensitive pixels of photodiode array 201 , the 
incident light can be separated according to pixel. Fur- 
thermore, since protruding parts 213 are arranged with 
n+-type diffused layers of high impurity concentration, 

30 carriers, which are generated by light made incident on 
protruding parts 213, undergo recombination. Light that 
has become incident on the interval between photosen- 
sitive pixels, that is, on a protruding part 213 will thus 
not be taken out as a signal. Thus with the above-de- 

35 scribed radiation detector, crosstalk among the photo- 
sensitive pixels can be improved. 

[0198] If with a radiation detector, a photodiode array 
without recesses or protrusions on the back side is to 
be used, the suction collet will come in direct contact 

40 with the photosensitive pixels in the process of bonding 
the photodiode array onto mounting wiring substrate 
233. Since the scintillator panel will likewise contact the 
photosensitive pixels directly in the process of mounting 
the scintillator panel, the photosensitive pixels tend to 

45 become flawed and pixel defects are caused readily. 
However, with the above-described radiation detector, 
since the photosensitive pixel parts are positioned in re- 
cessed parts 211 and the photosensitive pixels are not 
contacted directly in the mounting steps, mechanical 

50 damage is unlikely to be incurred and photosensitive 
pixel defects can be prevented. 

[0199] The present invention is not restricted to the 
above-described embodiments and various modifica- 
tions are possible. 
55 [0200] Fig. 29A is a top view showing the positional 
relationship of photosensitive pixel parts and bump elec- 
trodes and Fig. 29B is a sectional view taken along 
XIV-XI V of the photodiode array shown in Fig. 29A. Fig. 
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30A is a top view showing the positional relationship of 
photosensitive pixel parts and bump electrodes and Fig. 
30B is a sectional view taken along XV-XV of the pho- 
todiode array shown in Fig. 30A. Fig. 31 A is a top view 
showing the positional relationship of photosensitive 
pixel parts and bump electrodes and Fig. 31 B is a sec- 
tional view taken along XVI-XVI of the photodiode array 
shown in Fig. 31 A. 

[0201] For example, though with the respective pho- 
todiode array embodiments described above, bump 
electrodes are installed on thick parts, that is, on por- 
tions corresponding to protruding parts 21 3 as shown in 
Fig. 29A and Fig. 29B to secure mechanical strength 
during mounting, if adequate mechanical strength can 
be secured, bump electrodes 219 may be installed at 
positions corresponding to the photosensitive pixels as 
shown in Fig. 30A and Fig. 30B. 
[0202] Also, in the case of installing bump electrodes 
219 on portions corresponding to protruding parts 213, 
separation layers 207 can be arranged to be interrupted 
just at portions corresponding to the back sides of bump 
electrodes 219 as shown in Fig. 31 A and Fig. 31 B. By 
doing so, shorting across an anode and a cathode can 
be prevented even if mechanical damage is sustained 
in the process of performing flip-chip mounting. Also in 
this case, the interrupted separation layers may be con- 
nected to each other by aluminum electrode wirings so 
that separation layers 207 are connected across the en- 
tirety. 

[0203] Also in the case where photosensitive ele- 
ments are positioned in lattice form on a photodiode ar- 
ray, the photosensitive pixel area preferably extends to 
the very ends of the photodiode array chip. It is thus pref- 
erable to avoid installing bump electrodes at thick part 
regions 213z at the chip ends as shown in Fig. 17. Thus 
in the case where bump electrodes 219 are to be in- 
stalled on the thick parts, an arrangement is possible 
where all bump electrodes 219 are positioned on pro- 
truding parts besides thick part regions 21 3z at the chip 
ends as shown in Fig. 32A. Fig. 32B is a top view show- 
ing the positional relationship of photosensitive pixel 
parts and bump electrodes at the chip ends of a photo- 
diode array. For example, in Fig. 32A, a photosensitive 
pixel 204a at the upper left is positioned so as to be con- 
tacted via a bump electrode 21 9a to the right side there- 
of, a photosensitive pixel 204b at the upper left is posi- 
tioned so as to be contacted via a bump electrode 21 9b 
to the lower side thereof, and a photosensitive pixel 
204c at the lower right is positioned so as to be contact- 
ed via a bump electrode 21 9c to the left side thereof. By 
thus designing the positions of bump electrodes 21 9 so 
that they will not be positioned at thick part regions 21 3z 
at the chip ends, the photosensitive pixel area can be 
made to extend to the very ends of the photodiode array 
chip. 

[0204] As described in detail above, with the present 
invention, a photodiode array can be provided with 
which crosstalk among elements can be reduced while 



maintaining the mechanical strength of the photodiode 
array. 

Industrial Applicability 

5 

[0205] This invention can be applied to a photodiode 
array, a manufacturing method thereof, and a radiation 
detector. 



1 . A photodiode array comprising: 

*5 a semiconductor substrate, having a plurality of 

light-incident surface side recessed parts at a 
light-incident surface side and having a plurality 
of opposite surface side recessed parts, in cor- 
respondence to the respective light-incident 

20 surface side recessed parts, at the side oppo- 

site the light-incident surface; and 
pn junctions, disposed at bottom parts of the 
opposite surface side recessed parts of the 
semiconductor substrate. 

2. The photodiode array according to Claim 1 , . 

wherein the pn junctions extend from the bot- 
tom parts of the opposite surface side recessed 
parts to opposite surface side frame parts surround- 
30 ing the opposite surface side recessed parts. 

3. The photodiode array according to Claim 1 , 

wherein the area of the bottom surface of 
each of the light-incident surface side recessed 
35 parts is greater than the area of the bottom surface 
of each of the opposite surface side recessed parts. 

4. The photodiode array according to Claim 1 , 
wherein high impurity concentration regions 

are formed in the light-incident surface side frame 
parts surrounding the light-incident surface side re- 
cessed part. 

5. The photodiode array according to Claim 1 , 
wherein the light-incident surface side frame 

parts surrounding the light-incident surface side re- 
cessed parts are formed in a lattice form as viewed 
from the direction of incidence of light. 

6. The photodiode array according to Claim 1 , 
wherein electrode pads, for taking out the out- 
puts of photodiodes formed of the pn junctions, are 
equipped on the opposite surface side frame parts 
surrounding the opposite surface side recessed 
parts. 

7. The photodiode array according to Claim 6, 
wherein wiring electrodes, which pass along 
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side surface parts of the opposite surface side re- 
cessed parts and electrically connect the photodi- 
odes and the electrode pads, are equipped. 

8. A radiation detector comprising: the photodiode ar- 
ray according lo any of Claims 1 Lhrough 7; and a 
scintillator, positioned in front of the surface of inci- 
dence of light onto the photodiode array. 

9. A photodiode array comprising: 

a semiconductor substrate, having a plurality of 
pn junction type photodiodes formed in array 
form on an opposite surface side with respect 
to a light-incident surface; 

wherein with the semiconductor substrate, 
the regions at which the plurality of photodiodes are 
formed are thinned from the light-incident surface 
side so that regions sandwiched by the regions at 
which the plurality of photodiodes are formed are 
made protruding parts, each of a cross-sectional 
shape that protrudes towards the light-incident sur- 
face side, and 

a high concentration impurity region of the 
same conductive type as the light-incident surface 
side of the photodiodes is formed in each of the pro- 
truding parts. 

10. A photodiode array comprising: 

a semiconductor substrate, with which at least 
an opposite surface side with respect to a light- 
incident surface is arranged to be of a first con- 
ductive type; and 

a plurality of photosensitive layers of a second 
conductive type, which are aligned and formed 
in array form in the interiors of the first conduc- 
tive type regions at the opposite surface side of 
the semiconductor substrate; 

wherein a plurality of recessed parts, aligned 
in array form, are formed at the light-incident sur- 
face side of the semiconductor region by the thin- 
ning of the regions corresponding to the photosen- 
sitive layers from the light-incident surface side, and 

an impurity of the first conductive type is add- 
ed at a high concentration in protruding parts that 
partition the plurality of recessed parts. 

11. A photodiode array comprising: 

a semiconductor substrate, having an impurity 
of a first conductive type added at a high con- 
centration; 

a first conductive type semiconductor layer, dis- 
posed in contact with an opposite surface side 
with respect to a light-incident surface of the 



semiconductor substrate; and 
a plurality of photosensitive layers of a second 
conductive type : aligned and formed in array 
form in the interior of the first conductive type 
5 semiconductor layer: 

wherein the semiconductor substrate is 
formed to a lattice form by the removal of regions 
corresponding to the photosensitive layers. 

10 

12. The photodiode according to Claim 11 , wherein an 
etching stop layer is interposed between the semi- 
conductor substrate and the semiconductor layer. 

15 13. The photodiode according to Claim 11 , wherein an 
insulating layer is interposed between the semicon- 
ductor substrate and the semiconductor layer. 

1 4. The photodiode according to Claim 1 1 , wherein the 
20 crystal orientations of the semiconductor substrate 
and the semiconductor layer are crossed at the in- 
terface at which the semiconductor substrate and 
the semiconductor layer are in mutual contact. 

25 1 5. A photodiode array manufacturing method compris- 
ing: 

a first step of preparing a substrate, with which 
at least a light-incident surface and an opposite 

30 surface side with respect to the light-incident 

surface are formed of a semiconductor of a first 
conductive type and an impurity of the first con- 
ductive type is added at a high concentration to 
the light-incident surface side; 

35 a second step of aligning and forming a plurality 

of photosensitive layers of a second conductive 
type in array form in the interior of the first con- 
ductive type region at the opposite surface side 
of the substrate: and 

40 a third step of thinning, by etching, regions of 

the substrate corresponding to the photosensi- 
tive layers from the light-incident surface side 
to form a plurality of recessed parts, aligned in 
array form, and forming protruding parts of lat- 

45 tice form, which partition the recessed parts 

and have the impurity of the first conductive 
type added at high concentration. 

16. The photodiode array manufacturing method ac- 
50 cording to Claim 1 5, wherein the first step compris- 
es the steps of: 

preparing a semiconductor substrate of the first 
conductive type; and 
55 adding the impurity of the first conductive type 

at high concentration to the light-incident sur- 
face side of the semiconductor substrate. 
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17. The photodiode array manufacturing method ac- 
cording to Claim 15, wherein the first step compris- 
es the steps of: 

preparing a semiconductor substrate, to which 5 
the impurity of the first conductive type is added 
at high concentration; and 
carrying out crystal growth of a semiconductor 
layer of the first conductive type at the opposite 
surface side with respect to the light-incident 10 
side of the semiconductor substrate. 

18. The photodiode array manufacturing method ac- 
cording to Claim 15, wherein the first step compris- 
es the steps of: 15 

preparing a semiconductor substrate, to which 
the impurity of the first conductive type is added 
at high concentration; and 

adhering a thin semiconductor plate of the first 20 
conductive type to the opposite surface side 
with respect to the light-incident side of the 
semiconductor substrate; and 
the semiconductor substrate and the thin sem- 
iconductor plate are arranged to be crossed in 25 
crystal orientation at the adhesion interface. 



the photodiode array according to any of 
Claims 9 to 14; and 

a scintillator panel, which is mounted to the 
light-incident surface side of the photodiode ar- 
ray and emits light upon incidence of radiation. 

22. A radiation detector comprising: 

the photodiode array manufactured by the 
manufacturing method according to any of 
Claims 15 to 20; and 

a scintillator panel, which is mounted to the 
light-incident surface side of the photodiode ar- 
ray and emits light upon incidence of radiation. 



19. The photodiode array manufacturing method ac- 
cording to Claim 15, wherein the first step compris- 
es the steps of: 30 

preparing a semiconductor substrate, to which 
the impurity of the first conductive type Is added 
at high concentration; and 

adhering a thin semiconductor plate of the first 35 
conductive type to the opposite surface side 
with respect to the light-incident side of the 
semiconductor substrate, with an etching stop 
film being interposed between the thin semi- 
conductor plate and the semiconductor sub- 40 
strate. 

20. The photodiode array manufacturing method ac- 
cording to Claim 15, wherein the first step compris- 
es the steps of: 45 

preparing a semiconductor substrate, to which 
the impurity of the first conductive type is added 
at high concentration; and 

adhering a thin semiconductor plate of the first so 
conductive type to the opposite surface side 
with respect to the light-incident side of the 
semiconductor substrate, with an insulating 
layer being interposed between the thin semi- 
conductor plate and the semiconductor sub- 55 
strate. 



21. A radiation detector comprising: 
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